A health surveillance study of male grain food manufacturing workers used a respiratory health questionnaire and spirometry to assess the prevalence of work-related respiratory symptoms and impaired ventilatory performance. The prevalence of cough, breathlessness, wheeze and chest tightness was between 8-13% but was 20% for rhinitis. Rhinitis was the most common symptom with 37% of those reporting rhinitis describing this as work-related. A case-control analysis of workers reporting rhinitis did not identify any specific occupational activities associated with increased risk of rhinitis. Smoking habit and all respiratory symptoms apart from rhinitis had a significant effect upon ventilatory performance. Occupational exposure to raw grains, flour, ingredients and finished food was categorized as high, medium or low in either continuous or intermediate patterns. Multiple regression analysis confirmed the effects of height, age and smoking upon ventilatory performance. However, occupational exposure to grain, flour, food ingredients and cooked food dusts had no effect upon ventilatory performance. It is concluded that smoking habit is the major determinant of respiratory symptoms and impaired ventilatory function. The excess complaints of rhinitis warrant further study but it would appear that the current occupational exposure limits for grain, flour, food ingredients and cooked food dusts are adequate to protect workers against impairment of ventilatory performance.
INTRODUCTION
Occupational exposure to grain and related dusts is a recognized health hazard capable of causing grain fever, sensitization of the mucous membranes of the eyes and nose, asthma and chronic bronchitis. 1 These are related to dose-dependent irritant effects and also the potential for the protein components of grain dusts to produce allergic reaction. Occupational asthma was prescribed for industrial injuries benefit in 1982. Grain dusts are one of the specified causative agents. Occupational rhinitis has been prescribed since 1908 but the definition was narrowed in 1996 and only applies to certain chrome fumes and allergic rhinitis caused by exposure to any of the agents specified as causative of occupational asthma.
The manufacture of grain based foods potentially exposes workers to dusts from raw grains, flour, food ingredients and cooked food product. Some of these substances have individual occupational exposure limits. Grain dust was assigned a Maximum Exposure Limit (MEL) of 10 mgm/m 3 in 1993. Flour is under current scrutiny for a proposed MEL but it has been reported that fungal amylase used as a flour conditioner may be the principal allergen. 2 Thus it is appropriate to consider health surveillance for workers exposed to grain, flour and related food dusts. 3 This study was undertaken to assess the prevalence of workrelated respiratory symptoms and impaired ventilatory performance in male employees manufacturing grain 228 Occup. Med. Vol. 48. 1998 based breakfast foods to assess possible associations with smoking habit and occupational exposure to dusts.
SUBJECTS AND METHODS
The study was conducted in a large breakfast cereal manufacturing plant located in the North West of England. The plant manufactures products using maize, wheat and rice with an annual output of over 160 million kilos of finished food.
Health surveillance has been provided to all workers by the occupational health department on a regular annual basis for many years. The participation rate has averaged about 85% with only 4-5% subjects declining to attend. The data reported in this study was collected during health surveillance from JanuaryDecember 1994. Respiratory health symptoms were assessed using an established questionnaire (Personal communication: JA Tomenson, Respiratory Physiology Unit, ICI Central Medical Group: Modified Medical Research Council Questionnaire). Symptoms of cough, chest tightness, breathlessness, wheeze and rhinitis and reported associations with work were recorded. Smoking history was assessed and recorded as smoker, ex-smoker or never-smoked. Questionnaire responses and ventilatory performance measurements were recorded using the COSTAR computer information system. This allowed correlation with other worker personnel and occupational information. The plant operates an equal opportunity employment policy but the manufacturing workforce is predominantly male, hence the study was confined to male workers to ensure a large enough group for analysis.
Periodic atmospheric dust monitoring has been conducted since 1986 and the majority of measurements have been less than half of the recommended occupational exposure limits. Work exposures to various dust types were assessed by a panel of experienced managers drawn from manufacturing, engineering and sanitation departments. Workers were assigned to job types which were profiled to rate exposure for raw grains, flour, ingredients and finished food products Ventilatory performance was measured using a Vitalograph wedge bellows spirometer with microprocessor printer. A standardized protocol was used testing subjects in the standing position and recording the best of three measurements. Statistical analysis and prediction of ventilatory performance values used the equations derived from other studies of working populations in the UK. 4 Information for worker dust exposure was used in multiple regression analysis to assess the relationship of respiratory symptoms and ventilatory performance to occupational exposures.
RESULTS
The respiratory questionnaire was completed by 570 male workers representing the majority of the available male workforce. Details of ages and smoking habits are given in Table 1 .
The prevalence of reported symptoms was between 8% and 13% for cough, breathlessness, wheeze and chest tightness, but was 20% for rhinitis.
Analyses of contingency tables for five categories of age and three categories of smoking habit revealed significant effects of smoking on the prevalence of cough and wheeze, and a significant effect of age on the prevalence of rhinitis, with younger workers more likely to report rhinitis than older workers.
Work-related symptoms were collected for four different questions related to absence from work. The proportion of workers describing their symptoms as work-related varied from 33% for breathlessness (15/45) and wheeze (22/65), to 52% for chest tightness (30/58) with intermediate figures for cough (29/74) and rhinitis (42/113).Values for FEVi, FVC, height, age and smoking habit were collected for all 570 workers. Ventilatory performance values were converted to percentages of predicted normal values and were assessed by analysis of variance for the effects of smoking habit and prevalence or absence of symptoms. All symptoms apart from rhinitis had a significant or borderline significant effect on both FEVi and FVC. Smoking habit only had a significant effect on FEVi.
Figures for the most significant symptoms, wheeze for FEVi and breathlessness for FVC are given in Tables  2 and 3 .
The effect of wheeze on FEVi% was about 11% and the effect of breathlessness on FVC% was about 6%. The equivalent analyses for reported work-related symptoms showed that work-related cough and breathlessness were significantly related to decreased FEVi and FVC and work-related wheeze was related to decreased FEVi. The most prevalent work-related symptom of rhinitis was not related to either FEVi or FVC.
The values for FEVi% and FVC% showed that for all types of exposure, the average value for the exposed workers was slightly higher than that for the unexposed workers. Since there were more smokers in the unexposed group, the values were analyzed by multiple linear regression to test for an exposure effect after allowing for smoking.
None of the many analyses of the worker exposure information revealed any statistically significant effect of any type of exposure on either the prevalence of symptoms or ventilatory performance as measured by FEVi or FVC. For grain, flour and ingredients, the workers were concentrated almost entirely in the unexposed and the low, periodic exposure groups with about 65% of workers unexposed in each instance. Contingency tables for each type of exposure showed that for each symptom and work-related symptom, the prevalences in the two exposure groups were very similar. Univariate analyses of FEVi and FVC as percentages of predicted normal values showed no effect of any of these exposures. Multiple regression analyses, in which height, age and smoking habit were allowed for, confirmed these negative findings. In the case of food dust about 62% of workers experienced low periodic exposure, about 9% had a medium, periodic exposure and almost all the remainder were unexposed. Analyses of both the symptomatic data and ventilatory performance data showed similar health patterns in the unexposed and medium exposure groups, and a somewhat enhanced health pattern in the low exposure group. In the case of cough, this pattern showed a statistically significant deviation from uniformity, which cannot be interpreted as a detrimental effect of exposure.
DISCUSSION
Health surveillance of workers exposed to grains and related products is an important health and safety control measure.
35 Such surveillance may take many forms including pre-employment health assessment with base-line ventilatory measurement, follow-up respiratory health questionnaire surveys and measurements of ventilatory performance. Early detection of predictors of ill-health may allow intervention to prevent the development of occupational disease. Also, the measurement of health parameters in an exposed population enables validation of effective health and safety management.
Respiratory symptoms which are temporary and reversible may precede the development of occupational respiratory tract disease. However, the pattern of symptom reporting and disease relationships is not well understood. For instance, smoking-related disease may produce respiratory symptoms which become evident during exertion at work and inappropriately described as work-related. This study showed no statistically significant effects of worker dust exposure on the prevalence of respiratory symptoms or venti-latory performance. However, younger dust-exposed workers reported more work-related symptoms than young unexposed workers, but the reverse was true for older workers. Of specific interest is that non-smokers were more likely than smokers to describe their rhinitis as work-related. These observations are probably indicative of attitudes to health with younger workers being less stoical about work-related symptoms than their older smoking colleagues.
Occupational asthma and rhinitis are attracting increasing medical and regulatory attention. The SWORD (surveillance of work-related and occupational respiratory disease in the UK) scheme 6 has operated for several years and estimates an annual incidence of over 3,000 new cases of work-related respiratory diseases, of which occupational asthma is the most common, accounting for about one-third of all cases. The Health and Safety Executive introduced a Maximum Exposure Limit (MEL) for grain dust of 10 mgm/m 3 in 1993 and are considering an MEL value for flour. Other food ingredients such as vitamins are also potential irritants and sensitizers having industry recommended exposure limits, but to date there has been no evidence to suggest that cooked grain food product dusts have any sensitizing effects.
It is concluded that smoking habit is the major determinant of respiratory symptoms and impaired ventilatory function in grain food manufacturing workers. The excess complaints of rhinitis warrant further study but it would appear that current occupational exposure limits for grain, flour, food ingredients and cooked food dusts are adequate to protect workers against impairment of ventilatory performance.
